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(57) ABSTRACT

The vehicle external notification device includes a notifica-
tion unit that gives notice of the information to the outside
of the vehicle, a proposal action determination unit that
determines an action to be proposed to the pedestrian, a
notification control umt that causes the notification unit to
notify the pedestrian of information on the action to be
proposed to the pedestrian, an action detection unit that
detects an action of the pedestrian, and an action determi-
nation unit that determines whether or not the action of the
pedestrian which 1s detected by the action detection unit 1s
the action proposed to the pedestrian. The notification con-
trol umit causes the notification unit to notity the pedestrian
of information indicating that the action of the pedestrian 1s
the proposed action, when the action determination unit
determines that the action of the pedestrian 1s the action

proposed to the pedestrian.

6 Claims, 5 Drawing Sheets
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VEHICLE EXTERNAL NOTIFICATION
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of priority from Japa-
nese Patent Application No. 2017-150799, filed Aug. 3,

2017, the entire contents of which are incorporated herein by
reference.

TECHNICAL FIELD

The present disclosure relates to a vehicle external noti-
fication device.

BACKGROUND

An on-vehicle device disclosed in Japanese Unexamined
Patent Publication No. 2016-166013 determines contents of
automatic driving on the basis of a positional relationship
between a host vehicle and a person approaching the host
vehicle when the person approaching the host vehicle during
automatic driving 1s detected, and notifies the approaching
person of information based on the determined contents of
the automatic driving. For example, the on-vehicle device
notifies the approaching person of a sound notice of “please
g0 1irst” when the on-vehicle device determines contents of
automatic driving that the host vehicle yields a road to the
approaching person.

SUMMARY

In the above-described on-vehicle device, even when a
moving object, such as an approaching person, acts in
accordance with contents of a notice given from a host
vehicle, the approaching person cannot know whether the
approaching person’s action based on the contents of the
notice 1s recognized by the host vehicle. For this reason,
there 1s a concern that the approaching person feels uneasy
whether or not the approaching person may continue the
action. In particular, as compared to a case of manual driving
in which a driver of the host vehicle and the approaching
person can easily communicate with each other, when the
host vehicle 1s 1n an automatic driving mode, the approach-
ing person easily feels uneasy.

Consequently, 1n this technical field, there 1s a demand for
a vehicle external notification device capable of notifying a
moving object that an action of the moving object 1s rec-
ognized by a host vehicle during automatic driving.

According to an aspect of the present disclosure, there 1s
provided a vehicle external notification device that notifies
a moving object, which 1s provided in a vicinity of a host
vehicle during automatic driving, of information, the vehicle
external notification device including a notification unit that
gives notice of the information to an outside of the vehicle,
a moving object detection unit that detects the moving
object, a proposal action determination unit that determines
an action to be proposed to the moving object detected by
the moving object detection unit, a notification control unit
that causes the notification unit to notify the moving object,
which 1s detected by the moving object detection unit, of
information on the action to be proposed to the moving
object, an action detection unit that detects an action of the
moving object detected by the moving object detection unait,
and an action determination unit that determines whether or
not the action of the moving object which 1s detected by the
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action detection unit 1s the action proposed to the moving
object, in which the notification control unit causes the
notification unit to notity the moving object of information
indicating that the action of the moving object 1s the pro-
posed action, when the action determination unit determines
that the action of the moving object 1s the action proposed
to the moving object.

According to the vehicle external notification device, an
action to be proposed to the detected moving object 1s
determined, and the moving object 1s notified of information
on the determined action. When 1t 1s determined that the
subsequent action of the moving object 1s the action pro-
posed to the moving object, the moving object 1s notified of
information indicating that the action of the moving object
1s the proposed action. Thereby, the device can inform the
moving object that the moving object acts 1n accordance
with the proposal of the host vehicle to thereby inform the
moving object that the moving object may continue the
action. Accordingly, the device can notily the moving object
that the action of the moving object 1s recognized by the host
vehicle during automatic driving.

In the vehicle external notification device according to the
aspect of the present disclosure, the notification control unit
may cause the notification unit to notily the moving object,
which 1s detected by the moving object detection unait, of the
information on the action to be proposed to the moving
object 1n a first mode, and may then cause the notification
unit to notily the moving object of the mformation on the
action to be proposed to the moving object 1n a second mode
emphasized more than the first mode, when the action
determination unit determines that the action of the moving
object 1s not the action proposed to the moving object.
Thereby, the device can make the moving object easily
notice that the action of the moving object 1s not the action
proposed by the host vehicle, when the moving object does
not act 1n accordance with the proposal of the host vehicle.

According to various aspects of the present disclosure, 1t
1s possible to notily a moving object that an action of the
moving object 1s recognized by a host vehicle during auto-
matic driving.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram illustrating a vehicle external
notification device according to this embodiment.

FIG. 2 1s a front view of a host vehicle.

FIG. 3 1s a side view of the host vehicle.

FIG. 4 1s a plan view 1llustrating a situation where a
pedestrian 1s positioned in the vicimty of a pedestrian
crossing provided in front of the host vehicle.

FIG. 5 1s a flowchart illustrating a notification process.

DETAILED DESCRIPTION

Hereinatter, an exemplary embodiment will be described
with reference to the accompanying drawings. Meanwhile,
in the drawings, the same or equivalent portions are denoted
by the same reference numerals and signs, and a repeated
description will be omaitted.

FIG. 1 1s a block diagram illustrating a vehicle external
notification device 100 according to this embodiment. As
illustrated 1n FIG. 1, the vehicle external notification device
100 1s a device which 1s mounted on a host vehicle V, such
as an automobile, which 1s capable of automatic driving, and
notifies a moving object, which 1s 1n the vicinity of the host
vehicle V during automatic driving, of information. The
automatic driving 1s vehicle control for causing the host
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vehicle V to automatically travel along a target route which
1s set 1n advance. In the automatic driving, a driver does not
need to perform a driving operation, and the host vehicle V
automatically travels. In this embodiment, the vehicle exter-
nal notification device 100 displays the information so as to

be recognizable from the outside of the vehicle.

The vehicle external notification device 100 1ncludes an
Electronic Control Unit (ECU) 10 that generally controls the
device, and an external sensor (moving object detection
unit) 1 and a notification unit 4 which are connected to the
ECU 10. An internal sensor 2 and an automatic driving ECU
3 are further connected to the ECU 10. The ECU 10 1s an
clectronic control unit including a Central Processing Unait
(CPU), a Read Only Memory (ROM), a Random Access
Memory (RAM), a Controller Area Network (CAN) com-
munication circuit, and the like.

The ECU 10 1s connected to a network for communication
using, for example, the CAN communication circuit, and 1s
communicably connected to components of the host vehicle
V. That 1s, the ECU 10 can refer to detection results of the
external sensor 1 and the internal sensor 2 and a traveling
plan of the host vehicle V which 1s generated in the auto-
matic driving ECU 3. The ECU 10 can output a signal to the
notification umt 4.

The ECU 10 loads programs stored in, for example, the
ROM 1nto the RAM, and executes the programs loaded nto
the RAM by the CPU to realize functions of vehicle external
notification to be described later. The ECU 10 may be
constituted by a plurality of ECUs.

The external sensor 1 1s a detection apparatus which 1s
mounted on the host vehicle V and detects circumstances in
the vicimity of the host vehicle V. The external sensor 1
detects, for example, a moving object 1n the vicinity of the
host vehicle V. The external sensor 1 includes at least one of
a camera and a radar sensor. The moving object includes, for
example, a pedestrian, a bicycle, a two-wheeled vehicle, and
the like. Hereinatfter, a pedestrian will be described as an
example of the moving object.

The camera 1s an 1image capture apparatus that captures an
image of an external state of the host vehicle V. The camera
transmits 1mage capture imnformation on the external state of
the host vehicle V to the ECU 10. The camera may be a
monocular camera or a stereo camera. The stereo camera
includes two 1mage capture units that are disposed so as to
reproduce binocular parallax. Image capture information of
the stereo camera also 1ncludes information (distance nfor-
mation) regarding a depth direction of a captured image.

The radar sensor 1s a detection apparatus that detects an
obstacle 1n the vicinity of the host vehicle V by using radio
waves (for example, millimeter waves) or light. The radar
sensor 1mcludes, for example, a millimeter wave radar or a
Light Detection and Ranging (LIDAR). The radar sensor
transmits the radio waves or light to the vicinity of the host
vehicle V, and recerves the radio waves or light reflected by
an obstacle to detect the obstacle. The radar sensor transmits
the detected obstacle information to the ECU 10. The
obstacle 1includes a guardrail, a building, and the like which
are fixed obstacles, 1n addition to a moving object, such as
a pedestrian, which 1s a moving obstacle.

The 1nternal sensor 2 1s a detection apparatus that detects
a traveling state and a vehicle state of the host vehicle V. The
internal sensor 2 includes, for example, a vehicle speed
SEensor.

The vehicle speed sensor 1s a detector that detects a
vehicle speed of the host vehicle V. The vehicle speed sensor
1s provided 1n, for example, a wheel of the host vehicle V, a
drive shaft that rotating integrally with the wheel, or the like,

10

15

20

25

30

35

40

45

50

55

60

65

4

and a wheel speed sensor that detects the rotation speed of
the wheel 1s used as the vehicle speed sensor. The vehicle

speed sensor transmits the detected vehicle speed informa-
tion to the ECU 10.

The automatic driving ECU 3 executes automatic driving,
of the host vehicle V. The automatic driving ECU 3 1s an
clectronic control unit including a CPU, a ROM, a RAM, a
CAN communication circuit, and the like. The automatic
driving ECU 3 i1s connected to a map database that stores
map information, a positioning unit that measures the posi-
tion of the host vehicle V on a map by a Global Positioning
System (GPS), various actuators for causing the host vehicle
V to travel, and various sensors.

The automatic driving ECU 3 1s connected to a network
for communication using, for example, a CAN communi-
cation circuit, and 1s communicably connected to compo-
nents of the host vehicle V. That 1s, the automatic driving
ECU 3 can refer to the map information of the map database,
the positional information of the host vehicle V on the map
which 1s measured by the positioning unit, and detection
results of the various sensors. The ECU 10 can output
signals to the various actuators.

The automatic driving ECU 3 loads programs stored 1n,
for example, the ROM to the RAM, and executes the
programs loaded mto the RAM by the CPU to realize
functions of the automatic driving system mounted on the
host vehicle V. The automatic driving ECU 3 may be
constituted by a plurality of ECUs.

The map information of the map database includes, for
example, positional information of a road (positional 1mnfor-
mation for each traflic lane), information on the shape of a
road (information such as a type of curve or linear portion
and the curvature of a curve), information on the width of a
road (information on the width of a tratlic lane), information
on a gradient of a road, information on a cant angle of a road.,
information on a vehicle speed limit 1n a road, and infor-
mation on a road indicator, such as a pedestrian crossing,
which 1s provided 1n a road. The various actuators imnclude a
steering actuator that controls a steering angle of the host
vehicle V, a brake actuator that controls a brake system of
the host vehicle V, and an engine actuator that controls an
engine (or a motor of an electric car) of the host vehicle V.

The automatic driving ECU 3 retrieves a target route from
the present position of the host vehicle V to a destination, on
the basis of the map information of the map database, the
positional information of the host vehicle V on the map
which 1s measured by the positioning unit, and a destination
which 1s set in advance. The automatic driving ECU 3
generates a traveling plan for causing the host vehicle V to
travel along the target route. The traveling plan includes, for
example, a moving path and a moving speed. The automatic
driving ECU 3 generates a traveling plan of the host vehicle
V by a well-known method. The automatic drniving ECU 3
executes automatic driving of the host vehicle V along the
traveling plan, on the basis of the positional information of
the host vehicle V on the map which 1s measured by the
positioning unit. In addition, the automatic driving ECU 3
transmits the generated traveling plan to the ECU 10. The
automatic driving ECU 3 transmits control signals to the
various actuators to control the host vehicle V and execute
automatic driving.

FIG. 2 1s a front view of the host vehicle V. FIG. 3 1s a side
view of the host vehicle V. The notification unit 4 illustrated
in FIGS. 2 and 3 15 a device for giving notice of information
to the outside of the vehicle. Specifically, the notification
unit 4 1s a display device that displays mformation so as to
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be visually recognizable from the outside of the vehicle. The
notification unit 4 includes a first notification unit 4a and a
second notification unit 4b.

The first notification unit 4a 1s a display device that
displays information so as to be visually recogmzable from
the front of the host vehicle V. The first notification unit 44
1s provided on the front surface of the host vehicle V. In more
detail, the first notification unit 4a 1s configured such that a
plurality of Light Emitting Diodes (LEDs) are disposed 1n a
row 1n the width direction of the host vehicle V along the
outer edge of a grill ({ront grill) on the front surface of the
host vehicle V. The first notification unit 4a can change the
color of display, the cycle of flickering, and the like.
Meanwhile, the first notification unit 4a 1s not limited to the
aspect 1llustrated in FIG. 2.

The second notification unit 46 1s a display device that
displays information so as to be visually recogmzable from
the side of the host vehicle V. The second notification unit
4b 1s provided on the side surface of the host vehicle V. In
more detail, the second notification unit 46 1s configured
such that a plurality of LEDs are disposed 1n a row 1n a
front-back direction of the host vehicle V along the side
surface of the host vehicle V. The second notification unit 45
1s also provided not only on the left side surface 1llustrated
in FIG. 3 but also on the right side surface of the host vehicle
V. The second notification unit 45 can change the color of
display, the cycle of flickering, and the like. Meanwhile, the
second nofification unit 45 1s not limited to the aspect
illustrated in FIG. 3.

Next, a mechanical configuration of the ECU 10 will be
described with a situation illustrated in FIG. 4 as an
example.

FIG. 4 1s a plan view 1illustrating a situation where a
pedestrian P 1s positioned in the vicinity of a pedestrian
crossing 7 provided in front of the host vehicle V. In FIG.
4, the host vehicle V traveling on a road R 1s 1llustrated. On
the road R, the pedestrian crossing Z 1s provided on the other
side of the host vehicle V traveling. In addition, the pedes-
trian P stands 1n the vicinity of the pedestrian crossing Z in
a side strip provided together with the road R.

As 1llustrated m FIG. 1, the ECU 10 includes a proposal
action determination unit 11, a notification control unit 12,
an action detection unit 13, and an action determination unit
14. Meanwhile, a portion of the functions of the ECU 10
may be executed by a computer in an institution, such as an
information management center, which 1s capable of com-
municating with the host vehicle V, or may be executed by
a portable mformation terminal which 1s capable of com-
municating with the host vehicle V.

As 1llustrated 1n FIGS. 1 and 4, the proposal action
determination unit 11 determines an action to be proposed to
the pedestrian P which 1s detected by the external sensor 1.
In more detail, the proposal action determination unit 11
predicts a future action of the pedestrian P on the basis of
information (image capture information, obstacle informa-
tion) received from the external sensor 1, a traveling plan of
the host vehicle V which 1s generated by the automatic
driving ECU 3, map information of the map database, and
positional imnformation of the host vehicle V on the map
which 1s measured by the positioning unit, and determines
an action to be proposed to the pedestrian P so that the
pedestrian P can execute the predicted action. The “action to
be proposed to the pedestrian P” may be an action for
allowing the pedestrian P to safely and smoothly execute the
predicted action of the pedestrian P, for example, on the
basis of a trathic rule, the predicted action of the pedestrian
P, and the traveling plan of the host vehicle V.
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Here, since the pedestrian P 1s positioned at the side strip
in the vicimty of the pedestrian crossing 7, the proposal
action determination umt 11 predicts that a future action of
the pedestrian P 1s an action of crossing the pedestrian
crossing 7. In addition, the proposal action determination
unit 11 determines that the host vehicle V can sately stop in
front of the pedestrian crossing Z and that the pedestrian P
can saiely cross the pedestrian crossing Z, for example, on
the basis of a moving speed of the host vehicle V and a
distance between the host vehicle V and the pedestrian
crossing 7. Thereby, the proposal action determination unit
11 determines an action to be proposed to the pedestrian P
to be an action indicating that the pedestrian P crosses the
pedestrian crossing 7 before the host vehicle V passes
through the pedestrian crossing 7.

The notification control umt 12 causes the notification
unit 4 to notily the pedestrian P, who 1s detected by the
external sensor 1, of information on the action to be pro-
posed to the pedestrian P, 1n a first mode. The “first mode™
1s a mode 1n which notice of information on the action to be
proposed to the pedestrian P 1s given by being emphasized
less than 1 a second mode to be described later. For
example, the notification control unit 12 may cause the
notification unit 4 to be displayed 1n a predetermined color
or may cause the notification unit to flicker by a predeter-
mined number of times at a predetermined cycle, as the
notice in the first mode. As a more specific example, the
notification control unit 12 may light the notification unit 4
in red or blue which 1s a color easily giving the pedestrian
P a feeling of relief.

In addition, the notification control unit 12 causes the
notification unit 4 to notity the pedestrian P of the informa-
tion on the action to be proposed to the pedestrian P in the
first mode, and then causes the notification umt 4 to notity
the pedestrian P of information indicating that the action of
the pedestrian P 1s the proposed action, when the action
determination unit 14 determines that the action of the
pedestrian P 1s the action proposed to the pedestrian P, as
described later. In this case, for example, the notification
control unit 12 may cause the notification unit 4 to be
displayed 1n a predetermined color or may perform flicker-
ing by a predetermined number of times at a predetermined
cycle. As a more specific example, the notification control
unit 12 may cause the notification unit 4 to thcker twice or
three times at low speed (for example, once per second) in
red or blue which 1s a color easily giving the pedestrian P a
feeling of relief.

In addition, the notification control unit 12 causes the
notification unit 4 to notity the pedestrian P of the informa-
tion on the action to be proposed to the pedestrian P in the
first mode, and then causes the notification umt 4 to notity
the pedestrian P of the information on the action to be
proposed to the pedestrian P in the second mode, when the
action determination unit 14 determines that the action of the
pedestrian P 1s not the action proposed to the pedestrian P,
as described later. The “second mode™ 1s a mode in which
notice of the information on the action to be proposed to the
pedestrian P 1s given by being emphasized more than 1n the
first mode. For example, the notification control umit 12 may
cause the notification unit 4 to be displayed 1n a predeter-
mined color or may cause the notification unit to flicker by
a predetermined number of times at a predetermined cycle,
as the notice 1 the second mode. As a more specific
example, the notification control unit 12 may cause the
notification unit 4 to be displayed 1n red or yellow which 1s
a color which 1s easily noticed by the pedestrian P, or may
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cause the notification unit 4 to continuously thicker at high
speed (for example, twice per second).

The action detection unit 13 detects an action of the
pedestrian P which 1s detected by the external sensor 1. In
particular, the action detection umt 13 detects an action of
the pedestrian P notified of the information on the action to
be proposed to the pedestrian P by the notification unit 4. In
more detail, the action detection unit 13 acquires a moving,
vector of the pedestrian P on the basis of information (1mage
capture information, obstacle information) recerved from the
external sensor 1. The action detection umt 13 detects an
action of the pedestrian P on the basis of the amount of
change 1n the moving vector for a predetermined time (for
example, one second or two seconds). As an example, the
action detection unit 13 may detect an action of the pedes-
trian P by comparing the amount of change in the moving
vector with a predetermined value which 1s set 1n advance.
In the situation illustrated 1n FIG. 4, the pedestrian P stands
in the vicinity of the pedestrian crossing 7 at the side strip.
For this reason, the action detection unit 13 may detect that
the pedestrian P has started to cross the pedestrian crossing,
7Z. when the amount of change in the moving vector in a
direction of the crossing of the pedestrian crossing 7. 1s equal
to or greater than the predetermined value, and may detect
that the pedestrian P has not started to cross the pedestrian
crossing 7. when the amount of change 1n the moving vector
in the direction of the crossing of the pedestrian crossing 7
1s less than the predetermined value.

The action determination unit 14 determines whether or
not an action of the pedestrian P which 1s detected by the
action detection unit 13 1s the action proposed to the
pedestrian P. In the situation 1llustrated 1n FI1G. 4, the action
determination unit 14 determines whether or not the action
of the pedestrian P which 1s detected by the action detection
unit 13 1s an action indicating that the pedestrian P crosses
the pedestrian crossing Z belfore the host vehicle V passes
through the pedestrian crossing 7.

Hereinafter, an information notification process of the
vehicle external notification device 100 will be described
with reference to the situation illustrated 1in FIG. 4. FIG. 5
1s a tlowchart 1llustrating a notification process. The flow-
chart of FIG. 5 1s executed when the host vehicle V 1s 1n an
automatic driving mode.

As 1llustrated 1n FIG. §, 1n step S10, the vehicle external
notification device 100 detects the pedestrian P in the
vicinity of the host vehicle V by the external sensor 1. In
FIG. 4, the pedestrian P 1s detected at the side strip in the
vicinity of the pedestrian crossing Z provided 1n front of the
host vehicle V. Thereafter, the vehicle external notification
device 100 proceeds to step S12.

In step S12, the ECU 10 of the vehicle external notifica-
tion device 100 predicts a future action of the pedestrian P
by the proposal action determination unit 11, and determines
an action to be proposed to the pedestrian P. In FIG. 4, the
proposal action determination unit 11 predicts that the future
action of the pedestrian P 1s an action of crossing the
pedestrian crossing 7. The proposal action determination
unit 11 determines the action to be proposed to the pedes-
trian P to be an action indicating that the pedestrian P crosses
the pedestrian crossing Z before the host vehicle V passes
through the pedestrian crossing Z. Thereafter, the vehicle
external notification device 100 proceeds to step S14.

In step S14, the ECU 10 of the vehicle external notifica-
tion device 100 causes the notification unit 4 to notily the
pedestrian P of information on the action to be proposed to
the pedestrian P 1n the first mode, by the notification control
unit 12. Thereby, the vehicle external notification device 100
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proposes an action indicating that the pedestrian P crosses
the pedestrian crossing Z before the host vehicle V passes
through the pedestrian crossing 7, to the pedestrian P.
Thereatter, the vehicle external notification device 100 pro-
ceeds to step S16.

In step S16, the ECU 10 of the vehicle external notifica-
tion device 100 detects an action of the pedestrian P by the
action detection unit 13. The action detection unit 13
acquires a moving vector of the pedestrian P on the basis of
information received from the external sensor 1. The action
detection unit 13 detects the action of the pedestrian P on the
basis of the amount of change in the moving vector for a
predetermined time. In FIG. 4, for example, the action
detection unit 13 may detect that the pedestrian P has started
to cross the pedestrian crossing Z before the host vehicle V
passes through the pedestrian crossing 7, may detect that the
pedestrian P has not started to cross the pedestrian crossing
7., and may detect that the pedestrian has turned back in the
middle of the pedestrian crossing Z after the pedestrian P
starts to cross the pedestrian crossing 7. Thereaiter, the
vehicle external notification device 100 proceeds to step
S18.

In step S18, the ECU 10 of the vehicle external notifica-
tion device 100 determines whether or not the action of the
pedestrian P 1s the action proposed to the pedestrian P by the
action determination unit 14. In FIG. 4, the action determi-
nation unit 14 determines whether or not the action of the
pedestrian P 1s an action indicating that the pedestrian P
crosses the pedestrian crossing Z belfore the host vehicle V
passes through the pedestrian crossing 7. When the vehicle
external notification device 100 determines that the action of
the pedestrian P 1s the action proposed to the pedestrian P
(step S18: YES), the vehicle external notification device
proceeds to step S20. On the other hand, when the vehicle
external notification device 100 determines that the action of
the pedestrian P 1s not the action proposed to the pedestrian
P (step S18: NO), the vehicle external notification device
proceeds to step S22.

In step S20, the ECU 10 of the vehicle external notifica-
tion device 100 causes the notification unit 4 to notify the
pedestrian P of information indicating that the action of the
pedestrian P 1s the proposed action, by the notification
control unmit 12. Thereby, the vehicle external notification
device 100 can inform the pedestrian P that the pedestrian P
acts 1n accordance with the proposal of the host vehicle V to
thereby inform the pedestrian P that the pedestrian may
continue the action. The notification control umt 12 causes
the notification unit 4 to notily the pedestrian P of the
information indicating that the action of the pedestrian P 1s
the proposed action, for example, for a predetermined time,
and to stop giving notice. When the vehicle external noti-
fication device 100 causes the notification unit 4 to stop
notifying the pedestrian P of the information indicating that
the action of the pedestrian P 1s the proposed action by the
notification control unit 12, the vehicle external notification
device terminates the current process. Thereafter, the vehicle
external notification device 100 repeatedly performs the
process from step S10 again.

In step S22, the ECU 10 of the vehicle external notifica-
tion device 100 causes the notification unit 4 to notily the
pedestrian P of information on an action to be proposed to
the pedestrian P 1n the second mode emphasized more than
the first mode, by the notification control unit 12. Thereby,
the vehicle external notification device 100 makes the pedes-
trian P easily notice that the action of the pedestrian P 1s not
the action proposed by the host vehicle V. The notification
control unit 12 causes the notification unit 4 to notily the
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pedestrian P of the information indicating that the action of
the pedestrian P 1s not the proposed action, for example, for
a predetermined time, and to stop giving notice. When the
vehicle external notification device 100 causes the notifica-
tion unit 4 to stop notifying the pedestrian P of information
on an action to be proposed to the pedestrian P by the
notification control unit 12, the vehicle external notification
device terminates the current process. Thereafter, the vehicle
external notification device 100 repeatedly performs the
process from step S10 again. Meanwhile, the flowchart of
FIG. 5 1s also terminated, for example, when the automatic
driving of the host vehicle V 1s terminated.

As described above, according to the vehicle external
notification device 100, an action to be proposed to the
detected pedestrian P 1s determined, and the pedestrian P 1s
notified of information on the determined action. When 1t 1s
determined that the subsequent action of the pedestrian P 1s
the action proposed to the pedestrian P, the pedestrian P 1s
notified of information indicating that the action of the
pedestrian P 1s the proposed action. Thereby, the vehicle

external notification device 100 can inform the pedestrian P
that the pedestrian P acts 1n accordance with the proposal of
the host vehicle V to thereby inform the pedestrian P that the
pedestrian may continue the action. Accordingly, the vehicle
external notification device 100 can notily the pedestrian P
that the action of the pedestrian P 1s recognized by the host
vehicle V during automatic driving. As a result, the host
vehicle V can communicate with the pedestrian P by the
vehicle external notification device 100, and thus 1t 1s

possible to reduce a feeling of uneasiness of the pedestrian
P.

In the vehicle external notification device 100, the noti-
fication control unit 12 causes the notification unit 4 to notity
the pedestrian P, which 1s detected by the external sensor 1,
of information on an action to be proposed to the pedestrian
P 1n the first mode, and then causes the notification unit 4 to
notily the pedestrian P of the information on the action to be
proposed to the pedestrian P 1n the second mode emphasized
more than the first mode, when the action determination unit
14 determines that the action of the pedestrian P 1s not the
action proposed to the pedestrian P. Thereby, when the
pedestrian P does not act in accordance with the proposal of
the host vehicle V, the vehicle external notification device
100 can make the pedestrian P easily notice that the action
of the pedestrian P 1s not the action proposed by the host
vehicle V.

The above-described embodiment can be implemented in
various configurations having been subjected to various
modifications and improvements on the basis of the knowl-
edge of those skilled in the art.

For example, the proposal action determination unit 11
may predict a future action of the pedestrian P on the basis
of information other than information indicating that the
pedestrian P 1s positioned at the side strip 1in the vicinity of
the pedestrian crossing 7. For example, the proposal action
determination unmit 11 may predict a future action of the
pedestrian P on the basis of the direction of the face, the
direction of the body, an action (gesture), or the like of the
pedestrian P. Alternatively, the proposal action determina-
tion unit 11 may predict the future action of the pedestrian
P on the basis of, for example, the theory of probability
assuming a traflic rule and the like, and specifically, the
proposal action determination unit 11 may predict the future
action of the pedestrian P by using a particle filter, a Kalman
filter, and the like using a Monte Carlo method. In addition,
the proposal action determination unit 11 may predict the
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future action of the pedestrian P by combining some of the
above-described prediction means with each other.

In the above-described embodiment, the proposal action
determination unit 11 determines an action to be proposed to
the pedestrian P to be an action indicating that the pedestrian
P crosses the pedestrian crossing 7 before the host vehicle
V passes through the pedestrian crossing Z. However, the
proposal action determination unit 11 may approprately
determine an action to be proposed to the pedestrian P 1n
accordance with, for example, a traflic situation and the like.
For example, the proposal action determination unit 11 may
determine an action to be proposed to the pedestrian P to be
an action indicating that the pedestrian P stands by until the
host vehicle V passes through the pedestrian crossing Z, and
crosses the pedestrian crossing Z after the host vehicle V
passes through the pedestrian crossing Z.

In addition, the notification unit 4 i1s not limited to a
plurality of LEDs that are disposed 1mn a row on the front
surface or side surface of the host vehicle V. For example,
the notification unit 4 may be a display capable of displaying
character information. In this case, the notification unit 4
may display character information of “please go first” when
an action to be proposed to the pedestrian P 1s an action
indicating that the pedestrian P crosses the pedestrian cross-
ing 7 before the host vehicle V passes through the pedestrian
crossing 7. The notification unit 4 may display character
information of “I will pass first” when an action to be
proposed to the pedestrian P 1s an action indicating that the
pedestrian P stands by until the host vehicle V passes
through the pedestrian crossing Z, and crosses the pedestrian
crossing 7 after the host vehicle V passes through the
pedestrian crossing 7. The notification unit 4 may not make
the character information flicker (that 1s, may not light the
character information) when the character imformation 1is
displayed in the first mode, and may make the character
information flicker to display the character information
when notification 1s performed in the second mode. In
addition, the notification unit 4 may display character infor-
mation of “Thanks for your cooperation” when the pedes-
trian P 1s notified of information indicating that the action of
the pedestrian P 1s the proposed action. Alternatively, the
notification umt 4 may display image imformation graphi-
cally representing contents of the character information.

In addition, the noftification unit 4 1s not limited to a
display device that displays information so as to be recog-
nizable from the outside of the vehicle, and may be, for
example, a sound output device that outputs a sound so as to
be capable of audibly recognizing information from the
outside of the vehicle. Specifically, the notification unit 4
may be a speaker that outputs a sound toward the outside of
the vehicle. For example, the notification umt 4 may output
a sound of “please go first” when an action to be proposed
to the pedestrian P 1s an action indicating that the pedestrian
P crosses the pedestrian crossing Z betfore the host vehicle
V passes through the pedestrian crossing Z. The notification
umt 4 may output a sound of “I will pass first” when an
action to be proposed to the pedestrian P 1s an action
indicating that the pedestrian P stands by until the host
vehicle V passes through the pedestrian crossing 7, and
crosses the pedestrian crossing Z after the host vehicle V
passes through the pedestrian crossing 7. The notification
unit 4 may output the sounds at a sound volume smaller than
that in the second mode when the sounds are output 1n the
first mode, and may output the sounds at a sound volume
larger than that in the first mode when notification 1is
performed in the second mode. In addition, the notification
unit 4 may output a sound of “Thanks for your cooperation”™
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when the pedestrian P 1s notified of information indicating
that the action of the pedestrian P 1s the proposed action.

In addition, the notification unit 4 may include both a
display device and a sound output device. In this case, for
example, the notification unit 4 may perform the notification 5
in the first mode only by the display device, and may
perform the notification in the second mode by both the
display device and the sound output device.

In addition, the notification control unit 12 may cause the
notification unit 4 to notily the pedestrian P of information 10
on an action to be proposed to the pedestrian P 1n the first
mode, and may then cause the notification unit 4 to notity the
pedestrian P of the information on an action to be proposed
to the pedestrian P in the second mode, when the action
determination unit 14 determines that the action of the 15
pedestrian P 1s not the action proposed to the pedestrian P.
For example, 1n this case, the notification control unit 12
may cause the notification unit 4 to notity the pedestrian P
of information on the action to be proposed to the pedestrian
P 1n the first mode. 20

What 1s claimed 1s:

1. A vehicle external notification device that notifies a
moving object, which 1s provided 1n a vicinity of a host
vehicle during automatic driving, of information, the vehicle
external notification device comprising: 25

a notification unit configured to give notice of the infor-
mation to an outside of the vehicle during automatic
driving of the vehicle;

a moving object detection unit configured to detect the
moving object located outside of the vehicle during 30
automatic driving of the vehicle;

a proposal action determination unit configured to deter-
mine a proposed action for the moving object detected
by the moving object detection unait;

a noftification control unit configured to cause, during 35
automatic driving of the vehicle, the notification unit to
notily the moving object that 1s located outside of the
vehicle, which 1s detected by the moving object detec-
tion unit, of information on the proposed action to the
moving object; 40

an action detection unit configured to detect an action of
the moving object detected by the moving object detec-
tion unit after the notification unit has notified the
moving object of the information on the proposed
action; and 45

an action determination unit configured to determine
whether or not the action of the moving object which 1s
detected by the action detection unit 1s the proposed
action that was notified to the moving object by the
notification unit, 50

wherein, based upon a determination that the action of the
moving object 1s the proposed action, the notification
control unit causes the notification unit to notily the
moving object of information indicating that the action
of the moving object 1s the proposed action.

12

2. The vehicle external notification device according to
claim 1,

wherein the notification control unit causes the notifica-

tion unit to notify the moving object, which 1s detected
by the moving object detection unit, of the information
on the action to be proposed to the moving object 1n a
first mode, and then causes the notification unit to
notity the moving object of the information on the
action to be proposed to the moving object 1n a second
mode emphasized more than the first mode, when the
action determination unit determines that the action of
the moving object 1s not the action proposed to the
moving object.

3. The vehicle external notification device according to
claim 1, further comprising a positioning unit, wherein a
future action of the moving object 1s predicted on the basis
of positional information of the vehicle on a map which 1s
measured by the positioning unit.

4. The vehicle external notification device according to
claam 1, wherein a future action of the moving object is
predicted on the basis of a traveling plan of the host vehicle
that was generated by an automatic driving control unait.

5. The vehicle external notification device according to
claam 1, wherein the proposal action determination unit
determines an action to be proposed to the moving object so
that the moving object can execute the predicted action.

6. A vehicle external notification device that notifies a
moving object, which 1s provided 1n a vicinity of a host
vehicle outside of the host vehicle during automatic driving
of the host vehicle, of information, the vehicle external
notification device comprising;

detectors outside of the vehicle configured to detect the

moving object during automatic driving of the host
vehicle; and

one or more processors programmed to:

notity the information to the moving object located at an

outside of the host vehicle during automatic driving of
the host vehicle;

determine a proposed action, which 1s an action proposed

for the moving object to execute;

notify the moving object, which has been detected outside

of the host vehicle, of the proposed action;

detect, during automatic driving of the host vehicle, an

action of the moving object after notifying the moving
object of the proposed action; and

determine, during automatic driving of the host vehicle,

whether the action of the moving object 1s same as the
proposed action, and

when the action of the moving object 1s the same as the

proposed action, notily the moving object that the
action of the moving object 1s the same as the proposed
action.
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